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SYNOPSIS OF THE THESIS
. Tuberculosis(TB),causedbyMycobacteriumtuberculosis,haslongbeenthe
scourgeof humanity,claimingmillionsof lives.It is themostdevastatinginfectious
diseaseof theworldin termsof mortalityaswellasmorbidity(WHO,2009).The
lackof a uniformlyeffectivevaccineagainstTB, thedevelopmentof resistancein
theMycobacteriumtuberculosisagainsthepresentantituberculard ugsandits
synergywithAIDS hasmadethesituationveryalarming.Thisthereforenecessitates
a searchfor newantituberculard ugsas well as theidentificationof newand
unexploredrugtargets(BrounetaI.,1992).CoenzymeA is anessentialcofactor
forallorganismsandis synthesizedinorganismsfrompantothenatebyauniversally
conservedpathway(Spryetal.,2008;SassettiandRubin,2003).Thefirstenzymeof
the pathway,pantothenatekinasecatalyzesthe most importantstepof the
biosyntheticprocess,beingthefirstcommittedstepofCoAbiosynthesisandtheone
atwhichalltheregulationtakesplace(GerdesetaI.,2002)
This thesisdescribesthesuccessfulc oningof PanKfromMycobacterium
tuberculosis,itsexpressioni E. coli,singlestepaffinitypurification,andcomplete
biochemicalandbiophysicalcharacterization.I thiswork,pantothenol,a widely
believedinhibitorof pantothenatekinase,hasbeenshownto actasa substratefor
themycobacterialpantothenatekinase.Furtherit wasshownthattheproduct,4'-
phosphopantothenol,thusformed,inhibitedthenextstepof theCoA biosynthesis
pathwayin vitro.Thestudywasextendedtofindoutthefateof pantothenolinside
thecellandit wasdemonstratedthatheCoA biosyntheticenzymesmetabolizedthe
latterintothepantothenolderivativeof CoA whichthengetsincorporatedintoacyl
carrierprotein.Lastly,it wasdecisivelyshownthatpantothenatekinaseis notonly
regulatedby feedbackinhibitionbyCoA but,alsoregulatedthroughfeedforward
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stimulationby Fructose1, 6 biphosphate(FBP), a glycolyticintermediate.The
bindingsiteofFBP wasdeterminedbydockingandmutationalstudiesofMtPanK.
Chapter1 presentsa briefsurveyof theliteraturerelatedtoCoenzymeA
biosynthesispathwayanddescribestheobjectiveof thethesis.It alsopresentsa
historyof TB andbrieflyreviewsliteraturedescribingTB aswellasthelifecycle,
biology,survivalstrategy,modeof infectionandthemetabolicpathwaysoperational
in theTB parasite,Mycobacteriumtuberculosis.Thechapterdetailstheenzymes
involvedin CoAbiosynthesispathwayfromvariousorganims.
Chapter2 In thischapter,cloningof theORF (Rv1092c),annotatedas
pantothenate kinase in the Tuberculist database
(http://genolist.pasteur.frfTubercuList),its expressioni E. coli andpurification
usingaffinitychromatographyasbeendescribed.Proteinidentitywasconfirmed
by MALDI-TOF and by its ability to complementthe pantothenatekinase
temperatures nsitivemutant,DV70.This chapteralsoillustratestheoligomeric
statusof MtPanK in solutionanddescribesthebiochemicalcharacterizationf
MtPanKby meansof twodifferentmethods,spectrophotometricallyby a coupled
assayandcalorimetricallyby usingIsothermalTitrationCalorimetry.Feedback
inhibitionofMtPanKbyCoAis alsodiscussedinthischapter.
Chapter 3 describesthe biophysicalcharacterizationof MtPanK. It
,
discussestheenthalpy(~H)andfreeenergychange(~G)accompanyingthebinding
of a non-hydrolysableanalogueof ATP; CoA; acetylCoA andmalonyl-CoAto
MtPanK. The chapterdetailsthe energeticsobservedupon ATP bindingto
pantothenate-saturatedMtPanKfurtherelucidatingtheorderof thereaction.This
chapteralsodescribesthevariousstrategieswhichweredesignedandtestedto
removeCoA fromtheenzymeasthelatteris alwayspurifiedfromthecell in
conjunctionwithCoA. ValidationofthesestrategiesforcompleteCoA removal(by
studyingthenvaluefromITC studies)is furtherdescribed.
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Chapter 4 discussesthe interactionof the well-studiedinhibitorof
pantothenatekinasesfrom othersources(e.g.themalarialparasite),pantothenol,
with the mycobacterialenzyme.In orderto investigatethe interactionof this
. compoundwithMtPanK,itseffectonthekineticreactioncarriedoutbytheenzyme
wasstudiedby severalmethods.Surprisingly,a newbandcorrespondingto 4'-
phosphopantothenolappearedwhenthereactionmixof MtPanKwithpantothenol
andATP wasseparatedon TLC. The identityof thenewspotwasconfirmedby
massspectrometryanalysesof the MtPanK reactionmixture..Thesefindings
establishedthefactthatpantothenolis asubstrateofpantothenatekinase.To delve
deeperintothemechanismof interactionof thiscompoundwiththeenzymesof the
coenzymeA biosynthesispathway,theabilityof pantothenoltoserveasasubstrate
forthenextstepof thepathway,MtCoaBCwasstudied.Usingvariousapproachesit
wasestablishedthatpantothenolis actuallya substratefor theMtPanK andthe
inhibitionobservedearlier(Salibaet aI.,2005)is actuallydueto theinabilityof
CoaBCtoutilize4'-phosphopantothenolassubstrate.
Chapter5 takesthestoryfromChapter4 furtherdetailingtheeffectsof
pantothenolnculturesof E. coli andM. smegmatis.I observedthatpantothenol
doesnot inhibitthecultureof E. coli or M. smegmatis.So, furtherstudieswere
carriedout to know the fate of pantothenolonce it is convertedinto 4'-
phosphopantothenoi.Since,thenextenzymeof thepathwaydoesnotutilize4'-
phosphopantothenol,I checkedthe furtherdownstreamenzymeof thepathway,
CoaD, and found that it converts4'-phosphopantothenolto thepantothenol
derivativeofdephospho-CoA.Thenextenzymeof thepathway,CoaE,tookupthis
pantothenolderivativeof dephospho-CoAas a substrateandconvertedit to the
pantothenolderivativeofCoA whichwasthentransferredtoapo-ACPbyholo-ACP
synthase.Theholo-ACPthussynthesizedentersintothededicatedpathwayof fatty
acidsynthesis.
Extensiveinvestigationshave beencarriedout on the regulationof
pantothenatekinases,bytheproductof thepathway,CoenzymeA anditsthioesters,
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establishingthe latteras thefeedbackregulatorsof theseenzymes.In orderto
determineif thecellemploysmechanismsto senseavailablecarbonsourcesand
consequentlymodulateitscoenzymeA levelsbyregulatingactivityof theenzymes
involvedin CoA biosynthesis,glycolyticintermediatesweretestedagainstMtPanK
fortheirpossiblerolein theregulationof MtPanKactivity.Chapter6 detailsmy
identificationof a novelregulatorof MtPanKactivity,fructose-I,6-bisphosphate
(FBP), a glycolytic intermediate,which enhancesthe MtPanK catalyzed
phosphorylationf pantothenateby threefold. Further,thepossiblemechanisms
throughwhichFBP mediatesMtPanKactivationarealsodiscussed.This chapter
alsodescribestheexperimentscarriedoutto identifythebindingsiteof FBP on
MtPariK.Interestingly,dockingofFBP onMtPanKrevealedthatFBP bindscloseto
theATP bindingsiteontheenzymewithoneof itsphosphatesoverlappingwiththe
3'~phosphateof CoA therebyvalidatingitscompetitivebindingrelativetoCoA on
MtPanK.BasedontheseobservationsI proposethatthebindingof FBP toMtPanK
lowerstheactivationenergyofpantothenatephosphorylationbyPanK.
Chapter7 presentsa summaryof thefindingsof thiswork.CoenzymeA
biosynthesispathwayharborsimmensepotentialinthedevelopmentofdrugagainst
manycommunicablediseases,thanksto its essentialityfor thepathogensandthe
differencesbetweenthepathogenandhostCoA biosyntheticenzymes.Thework
donein thisthesisextensivelycharacterizesthefirstcommittedenzymeof theCoA
biosyntheticpathway,pantothenatekinase,from Mycobacteriumtuberculosis
(MtPanK).The thesisalsodealswiththefateof a knowninhibitorof PanK and
provesit asasubstrateforMtPanK.Finallythisthesisdescribesanewlinkbetween
glycolysisandCoAbiosynthesis.
Biotin,like coenzymeA, is anotheressentialcofactorequiredby several
enzymesin criticalmetabolicpathways.Denovosynthesisofthiscriticalmetabolite
has beenreportedonly in plantsandmicroorganisms.Thereforetargetingthe
synthesisof biotin in the tubercularpathogenis anothereffectivemeansof
handicappingthe tuberclepathogen.Duringthecourseof my studies,I also
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7. Spry,c., Kirk,K., andSaliba,K. J. (2008)FEMSMicrobiolRev32,56-106
investigatedthe mycobacterialbiotin biosynthesispathway,studyingthe first
enzymeof thepathway,7-keto-8-aminopelargonicacid(KAPA) synthase(bioF)in
extensivedetail.Appendix 1 elucidatesthe kineticpropertiesof 7-keto-8-
aminopelargonica idsynthase(bioF)fromMycobacteriumtuberculosisandproves
beyonddoubtthatD-alaninewhichhaspreviouslybeenreportedto act as a
competitiveinhibitorfortheB. sphaericusenzyme(Plouxetal.,1999),is actuallya
substrateforthemycobacterialbioF.
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